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INNOVATION AT THE SPEED OF MERCURY 
Today’s space imaging systems inform decision-makers 
in defense, intelligence and agriculture, while expanding 
scientific insight across a host of disciplines. Sensors continue 
to improve the resolution of their images with an exponentially 
increasing volume of pixels, providing more valuable details.

At the same time, satellite designs are enabling very 
sophisticated imaging applications on smaller and smaller 
platforms. Landsat 1, launched in 1972, weighed 1,800 kg 
and was a hand-crafted device. Currently, constellations 
of imaging satellites are being launched with sizes as 
small as 100 kg, built using off-the-shelf components.

These two factors — huge numbers of image pixels and 
very small orbiting platforms — are driving the demand for 
major improvements in future space-based data storage. 
Satellite designers need solutions that provide vastly more 
capacity while being smaller, lighter and able to operate 
reliably for years in a high-radiation environment.

Mercury has accelerated the technologies of tomorrow 
with purpose-built innovation, creating a growing family 
of radiation-tolerant data storage subsystems. They 
combine rad-tolerant components with advanced error 
checking and correction (ECC), packaged in lightweight, 
standards-based, flexible form factors. This family of 
drives represents a long-term commitment by Mercury to 
support applications at the forefront of space technology.

THE NEED FOR A LEAP IN RAD-TOLERANT STORAGE  
Going back to the days of Landsat 1, low earth orbit (LEO) 
satellites are the most useful and common platforms for 
space imaging. They deliver low-latency communications 
to Earth with a substantially better signal strength, when 
compared with geostationary orbit (GEO) satellites, at a 
relatively lower overall cost. Fast-moving LEO satellites make 
12 to 16 circuits around  Earth each day, meaning sensor 
data gathered over an area of interest must be stored on 
the satellite until it has line-of-sight communication with a 
system ground station and can download captured images.

Various factors affect the data size of a stored satellite 
image; for example, is it color or monochromatic? 
However, the most significant factor is resolution, 
generally expressed in terms of the area size on the 
Earth’s surface represented by a single image pixel.

Thirty-five years ago, 60 m2 per pixel represented 
a high-resolution satellite image. Today, that high-
resolution parameter is 30 cm2, meaning an image 
of the same location on Earth is now incredibly more 
detailed but requires 40,000 times the amount of data 
storage. Imaging programs must somehow keep up.

Deployment in space involves more challenges than just 
supplying vast amounts of storage capacity. Subsystems 
must be rugged, much like electronics in a weapons system, 
able to withstand the shock and vibration of a launch and 
then operate reliably in very cold temperatures for the life of 
the imaging mission, often as long as five years or longer.

Our beautiful planet Earth, home to almost 8 billion humans, faces a complex set of problems 
that threaten all of us. From massive deforestation in remote regions to nuclear weapon 
development by despotic regimes, these threats must be understood in detail if  
we are to effectively resolve them. 

Imaging from space delivers many of those details, with increasing clarity every year.  
At Mercury, we are applying our experience and expertise to support advanced imaging 
missions with the latest space technologies and create a safer, more secure world.
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enough energy to cause an effect in a device. A common 
example of this is when impact on a memory chip causes a ‘bit 
flip’, changing a stored value

Electronics in space face continual cosmic bombardment. 
This ongoing exposure to radiation has caused not just imaging 
issues but also numerous instrument failures and sometimes 
complete operational loss of a satellite, such as the Hipparcos 
in 1993, Galaxy 15 in 2010, SumbandilaSat in 2011 and Intelsat 
29e in 2019.

While the problem is now fairly well understood, the solution 
options are still limited. Satellite system designers have 
three types of tools for dealing with the radiation challenge.

Shielding: Surrounding electronics with radiation-absorbing 
material can be very effective but comes with the significant 
downside of added weight, a factor affecting both satellite 
launches and maneuvers in space. Aluminum is often used, 
with thicknesses varying based on trade-offs between weight 
and the risk of radiation-generated errors. 
 
Rad-tolerant components: Sometimes referred to as 
‘rad-hardened,’ these are microprocessors, controllers 
and other components specifically designed to function 
reliably in a high-radiation environment. Techniques 
include using special substrates and designing 
redundant functional elements within the chips.

ECC: This approach is specific to memory and data 
storage components. With ECC, a data storage unit uses 
an error correction code to first detect and then correct 
data corruption. It overcomes ‘bit flip’ issues, ensuring 
the data read from storage is the same as the data that 
was input. Most ECC implementations can effectively 
correct single-bit errors; more sophisticated methods 
can correct multiple errors across blocks of storage.

RAD TOLERANCE THROUGH PURPOSE-BUILT INNOVATION
Several years ago, Mercury began receiving customer requests 
for high-capacity, rad-tolerant storage. Space imaging 
application designs were moving to higher-resolution sensors 
and the existing storage options couldn’t keep up. A team of 
Mercury’s real-time storage experts went to work, focused 
on meeting the customer requirements while remaining open 
to all components and concepts to find the right solution.

The Mercury team agreed upon a design approach that 
could be expanded and extended as technology evolves. The 
resulting family of storage subsystems, known as solid state 
data recorders (SSDR), uses rad-tolerant components — to 
levels greater than 100 krad — combined with advanced ECC 
and NAND flash, packaged in open standard form factors.

In satellites, especially small LEO satellites, storage subsystems 
must be able to operate on a low-power budget. This requirement 
makes DRAM chips unsuitable because they require constant 
power to retain data. Flash memory, typically NAND flash, is the 
component type now used for almost all satellite image storage, 
since it does not require constant power and can turn off power 
to data storage between the time an image is collected and when 
it is transmitted to Earth, significantly reducing power budget. 

Satellite designers are also seeking components and 
subsystems that are packaged in open standard form factors. 
Using these types of off-the-shelf solutions translates into 
cost savings as well as compressed design schedules.

Moreover, unique to systems in space, image data storage 
must be able to withstand an endless stream of cosmic 
radiation at levels that are always dangerous to electronics 
and often move even higher based on solar events. The 
accuracy of every stored image must remain uncompromised 
by that radiation for the operational life of the satellite.

BUILDING IN RAD TOLERANCE
The term ‘cosmic rays’ is somewhat inaccurate. When cosmic 
radiation was first detected in the early 20th century, it 
was believed to be electromagnetic. Actually, it consists of 
very high-energy particles, largely protons but also heavier 
ions (He, Fe, etc.) and high-energy electrons. Most of the 
particles impacting Earth-orbiting satellites are generated 
by the sun at levels varying with the solar activity cycle 
associated with the volume of sunspots. There is also a low 
flux level of radiation found across free space referred to 
as galactic cosmic rays (GCRs), which consists of very high-
energy heavy ions moving at almost the speed of light.

The atmosphere absorbs almost all of these high-energy 
particles before they reach Earth’s surface, which is a very good 
thing for terrestrial electronics because when the particles 
do strike electronics, they cause performance problems, 
usually separated into two general areas. First, high-energy 
particles moving through electronics will cause ionization in 
semiconductor material. These radiation-induced trapped 
charges, which build up over time, can cause failures, such as 
logic gates being unable to close. Second, there are single-event 
effects (SEEs) where an individual ionizing particle deposits 
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Because every mission has a unique set of requirements, 
the storage subsystems are tunable to balance power 
consumption, ECC functions and storage capacity. Radiation 
shielding is also a mission-specific option, customized in 
conjunction with the mission’s imaging system designers.

The NAND flash implementation is worth some discussion. 
Flash memory designed specifically for rad tolerance has 
significantly reduced per-chip storage capacity compared with 
standard chip versions. For that reason, Mercury chose to use 
industrial SLC NAND flash devices determined to be tolerant 
to at least 30 krad, then added superior storage reliability 
via mathematically rigorous horizontal Reed-Solomon ECC. 
The NAND flash parts are screened in accordance with 
NASA’s EEE-INST-002 instructions, while each lot of NAND 
parts undergoes radiation lot acceptance testing (RLAT) 
and destructive physical analysis (DPA) before screening.

THE ADVANTAGES ARE CLEAR  
Mercury’s rad-tolerant storage product family is 
unique in meeting the requirements of today’s most 
advanced satellite imaging programs, with a design 
approach that will use tomorrow’s technologies right 
now to maintain that leadership. The performance 
and operational advantages include:

Highest-density rad-tolerant storage – All form factors 
contain a large amount of storage capacity in a small 
form factor.  For example, the 3U VPX RH3440 has 440 
GB of data storage capacity in a 406 cm3 package. 

Compact and lightweight – Designed in a 3U form factor, 
our SSDRs meet the needs of next-gen LEO satellites.

Extreme reliability – Mercury’s storage technology design 
has no microprocessor or software, always potential failure 
points. It uses a triple redundant RTG4 rad-tolerant FPGA to 
control the NAND flash. Powerful ECC, capable of correcting 
data from multiple NAND devices, and hot-swap replacement 
of failing NAND devices add further layers of reliability.

Long-term mission support – Designed to meet the five-
year operational lifetimes of advanced imaging programs.

Constant capacity over the entire product life – Automatic 
replacement of worn-out NAND blocks means the imaging 
system always has the same view of storage capacity.

Standards-based solutions – Our SSDRs are packaged in 3U 
VPX and 6U VPX form factors, not proprietary enclosures.

Continuing commitment – Mercury has not created a one-off 
product but rather a product family with an evolving roadmap 
to deliver the most innovative space technology solutions.

Other Applications Also  
Need Radiation Tolerance

Satellite imaging is not the only application 
set requiring rad-tolerant data storage. 
High-altitude airplane imaging is a similar, 
but distinct, area. Flights at 40,000 feet or 
more are often used to collect extremely 
detailed images of ground artifacts — 
images which are stored on the aircraft 
until it returns to its base. At 40,000 feet, 
cosmic radiation is not at space levels but 
it is still intense and a serious issue that 
must be addressed. Mercury’s rad-tolerant 
storage subsystems meet the need, as 
off-the-shelf, standards-based solutions 
that are lightweight and low-power.

Even on the Earth’s surface, medical 
imaging and nuclear power generation 
create environments with high levels 
of radiation. Rad-tolerant storage from 
Mercury is a reliable way to ensure data 
integrity for any data collected and 
stored within those environments.

RH3440 Radiation-Tolerant SSDR
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Learn more about how our space-qualified 
storage solutions can benefit your application:  
mrcy.com

Contact our technical team: 
secure.ssd@mrcy.com
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Subsystem 
Name Status Description

RH3440 Production 3U VPX, 440 GB capacity,  
weight < 620 grams

RH6470 Production 6U VPX, 470 GB capacity,  
weight < 1600 grams

RH3480 EDU 
Release

3U VPX*, 480 GB capacity, weight 
< 650 grams, dual host capability, 
high-speed data transfer option

RH302T In Design 3U VPX*, 2 TB capacity,  
weight < 650 grams, dual host 
capability, high speed data 
transfer option

RH304T In Design 3U VPX*, 4 TB capacity,  
weight < 650 grams, dual host 
capability, high-speed data 
transfer option

A LONG-TERM SOLUTIONS ROADMAP
The SSDR family roadmap makes Mercury’s customer 
commitment clear. Expanded details and future product 
family concepts, including smaller form factors and support 
for deep-space operation, will be shared under a signed NDA.

ENGAGE WITH MERCURY TO SEE WHICH  
OPTION FITS YOUR PROGRAM 
Our state-of-the-art solutions are secure, reliable 
and purpose-built to perform with absolute reliability 
and precision in extreme environments, under the 
most intense conditions, and in some of the most 
remote locations on Earth and in space.

The quality of these solutions is verified by Mercury’s IPC-
1719 certifications. We are one of only 10 companies in the 
U.S. with this certification, and the only OEM with multiple 
certifications, which meets the minimum requirements 
to become a trusted source for industries requiring a high 
level of confidence in the integrity of delivered products.

Our technology innovations are complemented and enhanced 
by our customer partnerships. We see close cooperation 
with technology visionaries, program managers and 
engineering teams as key to getting the maximum value 
from our space-ready solutions. Under a signed NDA, we 
regularly share full details of the solutions, including:

 ▪ Our internal HDL design documents

 ▪ Full schematics

 ▪ Bills of material

 ▪ User and setup guides

 ▪ Analysis reports, including WCA, stress, 
thermal, structural and custom

 ▪ NAND radiation test reports

 ▪ White papers addressing SLC NAND testing

Engage with our team to explore how these innovative 
products can meet your radiation-tolerant storage 
requirements and move your imaging programs forward.

*Other physical 3U and 6U formats available.
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